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Environmental Restoration Program Division (ERPD) has reviewed the nuclear facility 
designations to determine what nuclear facilities fall within ERPD's scope. Based on this 
review, ERPD would like to make the following clarifications to the designation and their 
responsibility. Currently, ERPD is concerned with three non-reactor nuclear facilities 
and activities: the 750 Pad, the 904 Pad, and the 903 Pad. The former two areas are 
actually managed by an organization other than ERPD, Waste Operations, and as a result, 
routine quality controls are the responsibility of the managing organization. 
Classification of the latter area, the 903 Pad, as a nuclear facility is probably not 
appropriate. An evaluation has been done of the 903 Pad and indicating that the non- 
reactor nuclear facility designation is not appropriate. 

To explain our concern, it would be necessary to evaluate other areas using the same 
rationale given in Attachments 1 & 2. If you were to use these same assumptions, then any 
three (3) mile by three (3) mile area should be designated as a nuclear facility because of 
the presence of ambient plutonium background. Even if the criteria is that a facility must 
be an engineered system (Le., an asphalt pad) then every nine (9) square miles of road or 
the equivalent area we sprayed with water to control dust would be a nuclear facility. 
Using the plutonium inventory criteria, Standley Lake and any three (3) mile by (3) mile 
area of downtown Denver would probably qualify as a nuclear facility even though they 
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meet the free release criteria of DOE Order 5400.5 (and probably 10 CFR 834 when 
issued). 

Clearly, inventory based action levels were not intended to address soil contamination. 
Attachment 1 indicates that in only one of the three scenarios analyzed, the 903 Pad 
exceeds the activity threshold level for Pu-239. Attachment 1 also indicates that the 903 
Pad does not meet the "significant localized consequence" criteria specified by the order. 
This criteria is the basis for the standard but involved a scenario that is not applicable to 
uniform soil contamination. Attachment 2 shows that these threshold values are 
inappropriate, thus, the 903 Pad is not a nuclear facility under the definition in 10 CFR 
830 and does not meet the basis for the criteria in the DOE standard (DOE-STD-1027). 
Consistent with DOE graded application of the nuclear facility designation, the 903 Pad is 
not a nuclear facility. 

If you have any questions about this determination, please contact Steve Luker at extension 
8625. 

SW:lmw 

Attachments: 
As Stated (2) 

cc: 
K. Bentzen 
M.C. Brooks 
D. S. Brown 
J. E. Hoff 
R. S. Luker 
ERPD Project File (2) 
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Hazard Category Determination 
Operzble Unit No. 2, 903 Pad, Revis ion  0 

I n t r o d u c t i o n  

A hazard c a t e g o r i z a t i o n  e v a l u a t i o n  o f  t h e  Operable U n i t  No. 2 ,  SO3 Pad, a s p h a l t  
covered a r e a ,  has been conducted. Based upon t h i s  e v a l u a t i o n  i t  has  been 
concluded t h a t  903 Pad i s  a Hazard Category 3 f a c i l i t y  based upon Department o f  
Energy Standard 1027 (DOE-STD-1027), "Hazard Ca tegor i za t ion  and Accident  Ana lys i s  
Techniques for Compliance w i t h  DOE Order 5480.23, Nuclear  S a f e t y  Ana lys i s  
Reports ."  

Department of Energy ( D O E )  Order  5480.23, Nuclear S a f e t y  Analys is  Repor t s ,  
r e q u i r e s  a l l  c o n t r a c t o r s  t o  p r e p a r e  and submit f o r  approval S a f e t y  Ana lys i s  
Reports  (SARs) f o r  nuc lea r  f a c i l i t i e s .  A d d i t i o n a l l y ,  DOE Order 5480.22,  
Technical Sa fe ty  Requirements (TSR), r e q u i r e s  t h a t  TSRs be submi t t ed ,  i f  r e q u i r e d  
t o  DOE f o r  approval .  As p a r t  o f  an e f f o r t  t o  determine which f a c i l i t i e s  r e q u i r e  
upgraded SARs and TSRs, a P r e l i m i n a r y  Hazard Assessment (PHA) was performed. ' 

This  eva lua t ion  provides  t h e  Hazard Category de te rmina t ion  o f  t h e  903 Pad and 
supplements t h e  PHA performed f o r  o t h e r  f a c i l i t i e s .  

D O E  Order 5480.23 d e f i n e s  a n u c l e a r  f a c i l i t y  a s  fo l lows:  

5 .1 .  Nuclear F a c i l i t y  means r e a c t o r  and nonreac tor  n u c l e a r  f a c i l i t i e s .  

The o rde r  goes o n  t o  d e t a i l  a n o n r e a c t o r  nuc lea r  f a c i l  i t y  as :  

5 . k .  h'onreactor Nuclear F a c i l i t v  means those  a c t i v i t i e s  o r  o p e r a t i o n s  
t h a t  involve r a d i o a c t i v e  and/or  f i s s i o n a b l e  m a t e r i a l s  i n  such a f o r m  
a n d  q u a n t i t y  t h a t  a n u c l e a r  hazard p o t e n t i a l l y  e x i s t s  t o  t h o  
employees or t h e  g e n e r a l  publ ic .  Included . _  a r e  a c t i v i t i e s  0 1 -  
opera t ion  t h a t :  

(1) Proauc?, p r o c e s s ,  o r  s t o r e  r a d i o a c t i v e  l i q u i d  o r  s o l i d  k;aste ,  
f i s s i o n a b l e  m a t e r i a l s ,  or t r i t i u m ;  

( 2 )  Conduct s e p a r a t i o n s  ope ra t ions ;  

( 3 )  Con.6uct' i r r a d i a t e  matet- ia ls  i n s p e c t i o n ,  fue l  f a b r i c z t i o n ,  
decontaminat ion ,  o r  I-ecovery o p e r a t i o n s ;  

( 4 )  Conduct fue l  enr ichment  o p e r a t i o n s ;  or 

( 5 )  Perform environmental  r e s t o r a t i o n  01- waste  manageirient 
a c t  i v i t i e s i n v o 1 v i ng r a d  i o a c t i v e riia t e r i a 1 s . 

Thc bas i s  f o r  i nc lus ion  of  t h e  903 Pad a s  a noni-eactor n u c l e a r  f a c i l i t y  i s  based 
so7ely  u p o n  Sec t ion  5 . k . ( 5 ) ,  s i n c e  no o t h e r  a c t i v i t y  o r  process  \:lould r e q u i r e  i t s  
i n c l u s i o n .  However, in o r d e r  t o  conduct  a n  e v a l u a t i o n  foi- t h e  SAR ar?d I -e lz ied  
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TSRs, a hazard ca t egory  must be a s s igned  t o  the f a c i l i t y .  This i s  accomplis  b ed 
by apply ing  DOE-STD-1027. By c a l c u l a t i n g  the  t o t a l  a c t i v i t y  o f  r a d i o i s o t o p e s  o f  
concern,  a hazard ca tegory  can be se t .  

S i t e  H i s t o r y  and’Desc r fp t ion  

The 903 Pad was u t i l i z e d  .from 1955 t o  June 1968 a s  a s t o r a g e  a rea  f o r  drums 
con ta in ing  r a d i o a c t i v e l y  contaminated ,  used machining o i l s .  33-gal lon and 50- 
g a l l o n  drums were o r i g i n a l l y  s t o r e d  a t  t h e  s i t e ,  some o f  which  cor roded  and 
leaked.  Many o f  t h e  drums con ta ined  o i l s  and s o l v e n t s  contaminated w i t h  
Plutonium ( P u )  while o t h e r s  were contaminated w i t h  Uranium. Host o f  t h e  drums 
conta ined  l a t h e  c o o l a n t  c o n s i s t i n g  of mineral  o i l  ( i  . e .  petroleum d i s t i l l a t e  o i l )  
and carbon t e t r a c h l o r i d e  i n  va ry ing  p ropor t ions .  However, a n  unknown number of  
drums con ta ined  h y d r a u l i c  o i l s  and o t h e r  chemical contaminants .  Ethanol amine was 
a l s o  added t o  drums placed a t  t he  s i t e  a f t e r  1959 t o  reduce t h e  c o n t a i n e r  
c o r r o s i o n  r a t e .  All drums were removed by 1968. 

The chronology of  t he  drum removal and subsequent c lean-up e f f o r t s  a r e  d e s c r i b e d  
by F re ibe rg  (1970)’. The  p r o c e s s  included f i e l d  t r a n s f e r ,  p r e f i l t e r i n g  a n d  
t r ea tmen t  o f  t h e  o i l s .  

In  1968, s i t e  g rad ing  a c t i v i t i e s  were conducted a t  t h e  903 Drum Storage S i t e  f o r  
t h e  i n s t a l l a t i o n  of  the a s p h a l t  cove r .  Contaminated s o i l s  a n d  rocks were removed 
from w i t h i n  the fenced area ,  r e s u l t i n g  i n  a t o t a l  of 33 drums being renoved i n  
May, 1969. Two c o u r s e s  (6  i nches  each) of c lean  f i l l  were then  placed o v e r  it)? 
s t o r a g e  a r e a ,  w i th  an a p p l i c a t i o n  of  s o i l  s t e r i l a n t  a n d  a s p h a l t  prime. T h i s  w z s  
Completed by September,  1969*. The a s p h a l t  cover was completed i n  October 1969. 

The a s p h a l t  cover  i s  r e c t a n g u l a r  and o r i e n t e d  nor th-south  (370 f e e t )  and e a s t -  
west (395 f e e t ) .  The s lope  of t h e  pad i s  s l i g h t l y  t o  t h e  n o r t h e a s t  a t  a d rop  o f  
1 foot  p e r  100 f e e t .  The a s p h a l t  c o v e r  i s  approximately 3 .2  inches  t h i c k  and i s  
under l a in  by 6 inches  of l o o s e  g rave l  2nd 3.2 i nches  o f  f i l l  s o i l  ( i n  a d d i t i o n  
io t h e  two courses o f  r r ia te r ia l ) .  Th i s  provides  f o r  a t o t a l  t h i c k n e s s  o f  2 3  
inches (2 f e e t )  o v e r l a y  be low t h e  cove r .  

. T h e  ?03 Pad has been included i n  Operable  Unit  No. 2 and  i s  being addressed  i n  
compliance w i t h  he Corriprehensive Environmental Res to ra t ion  and Conserva t ion  
L i a b i l i t y  Act ( C E R C L A )  a n d  t h e  Resource Conservat ion a n d  Recovery Act ( R C E A ) .  
This is  accompl i shed  under t h e  In t e ragency  Agreement ( J A G )  between t h e  Department 
o f  Energy ( D O E ) ,  t h e  Environmental P ro tec t ion  Agency ( E P A )  , a n d  the  Colorado 
Department o f  Heal th  ( C D H ) .  

’K. J .  F r i ebc rg  l t r .  t o  E .  A .  P u t z i e r ,  903 D r u m  S torage  Area, DOW Chemical 
Company, Rocky F l a t s  Div i s ion ,  Apr i l  1 4 ,  1970.  

’Final Phase I 1  R F I / E I  Work Plai :  ( A l ? u v i a l )  - 905 Pad, I.ioi:nd, and Ezst 
Trenches Arcz,  Pocky F l a t s  P l a c t ,  G o l d ? n ,  C3loi-adoY Revis ion 1 ,  Februzi-y 1991.  
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Safety Documentation/Safety Assurance 

The 903 Pad was considered when t h e  Rocky F l a t s  Plant S i t e  Final Environmental 
Impact Statement was f ina l ized  i n  1980. The maximum c r e d i b l e  accident scenar io  
i n v o l v i n g  a i r c r a f t  crashes evaluated a radioact ive r e l e a s e  from the  903 Pad s i t e .  

Remediation o f  t h e  903 Pad i s  addressed i n  t h e  Subsurface Inter im 
Measures/Interim Remedial Action P1 an, Environmental Assessment and  Decision 
Document,-Operable U n i t  No. 2 (DOE EA-0625, September 10, 1992) .  

Work a c t i v i t i e s  within Operable  U n i t  No. 2 Individual Hazardous Substance S i t e s  
.(IHSSs) must be conducted under a S i t e  Spec i f ic /Pro jec t  Spec i f ic  Health and  
Safety Plan (HASP).  This requirement i s  driven by t h e  Occupational Safety and  
Health Administration (OSHA) T i t l e  29 Code of Federal Regulations ( C F R )  1910.120, 
Hazardous Raste Operations and Emergency Response. This d e t a i l s  operat ions a n d  

- \  heal th  and s a f e t y  requirements t h a t  must be programmatically implemented f o r  
hazardous waste s i t e  operations.  All personnel a r e  required t o  comply with 
requirements as s t ipu la ted  in t h e  HASPS. 

A c t i v i t i e s  t h a t  occur within t h e  903 Pad area a r e  cont ro l led  by Remediation 
Programs Management and  Environmental Operations Nanagemcnt. This i s  
accomplished by use of the In tegra ted  Nork Con t ro l  Program ( I W C P )  Process f o r  new 
construct ion a c t i v i t i e s  or those  which d o  not have approved pi-ocedui-es. A1 1 
o t h e r  work i s  conducted according t o  S t a n d a r d  Operating Procedures ( S O P S )  I Work 
Plans, and/or Field Sampling Plans.  

Safety Analysis 

The 903 Pad was n o t  o r i g i n a l l y  c l a s s i f i e d  as  a high o r  moderate h a z a r d  f a c i l i t y  
per DOE Order kL 5481.la1 t h e r e f o r e  n o t  requiring a separate  Safety Analysis 
Zeport ( S A R )  a t  the  time ( i e . ,  was assumed t o  be e i t h e r  a l o w  h a z a r d  f a c i l i t y ?  
or exempt as a "common, routine hazard t h a t  the  public h a s  been exposed t o  and/or 
accepted").  I t  was a l so  n o t  o r i g i n a l l y  c l a s s i f i e d  as a nuclear  f a c i l i t y  pcr  DOE 
Order 5480.5. 

The poten t ia l  for  nucl'ear hazai-ds as re la ted  t o  the 903 Pad must be dctermined 
prior t o  a decis ion made as t o  t h e  z p p l i c a b i l i t y  o f  DOE Ordcr 5480.23. This \vi11 
be done by i d e n t i f y  the poten t ia l  f o r  nuclear hazai-ds based upon  s i t e  inventory 
o f  radioisotopes o f  ConcCrn. 

The pr inary a c t i v i t y  present ly  conducted a t  the 903 Pad i s  sampling o f  
groundwater monitoring wel l s .  Previously,  geotechnical inves t iga t ion  which 
included d r i l l i n g  t h r o u g h  the a s p h a l t  cover were conducted as p a r t  of the R F I / R I  
f i e l d  a c t i v i t i e s .  
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Hazard Category  D e t e r n i n a t i o n  
Operzble  U n i t  tt‘o. 2, 9G3 Pad, R e v i s i o n  

. .  biethod 

An e s t i m a t e  o f  the t o t a l  a c t i v i t y  o f  i d e n t i f i e d  r a d i o i s o t o p e s  Plutonium-239,240 
(Pu-239,240) and Americium-241 (Am-241)) below the  903 Pad a s p h a l t  c o v e r ,  hzs  
been completed.  Three methods were s e l e c t e d  t o  per form t h e  c a l c u l a t i o n  fo r  
s o u r c e  q u a n t i t y  p r e s e n t ,  . Data  f o r  t h e  c a l c u l a t i o n s  were o b t a i n e d  from t h e  
Operable  U n i t  KO. 2 Phase I1 RFI/RI Repor t  (Appendix A). The 903 Pad a s p h a l t  
c o v e r  was s e p a r a t e d  i n  t w o  s i t e s ,  903-A and 903-6 ( F i g u r e  I ) ,  based upon t h e  
d i s t r i b u t i o n  o f  sample a c t i v i t y  c o n c e n t r a t i o n s .  The methods a r e  1 )  Use ofmaximun 
d e t e c t e d  a c t i v i t y  c o n c e n t r a t i o n  f o r  a six f o o t  d e p t h ,  2 )  mean c o n c e n t r a t i o n  f o r  
p o p u l a t i o n  f o r  6 f o o t  i n t e r v a l s  up t o  20 f e e t ,  903-A and 903-B, and 3 )  performing  
a r e g r e s s i o n  a n a l y s i s  o f  t h e  d a t a  f o r  903-A and 903-8 and c a l c u l a t i n g  s u b s e q u e n t  
t o t a l  a c t i v i t y .  

Cal cul a t i  on 1 - Maximum C o n c e n t r a t i o n  

A maximum a c t i v i t y  c o n c e n t r a t i o n  f o r  Pu-239,240 and A m - 2 4 1  w a s  s e l e c t e d  from 
sample b o r e h o l e s  below and i m m e d i a t e l y  a d j a c e n t  t o  t he  a s p h a l t  c o v e r .  The 
a c t i v i t y  i s  a p p l i e d  t o  a s ix  f o o t  d e p t h .  

V = s o i l  volume = 370’ x 395‘ x 6’ = 8.769E5 f t ’  

Q = s o i l  d e n s i t y  = 1.8 mg/cm’ 

A = m x i r n u m  a c t i v i t y  c o n c e n t r a t i o n ,  pCi/g = 6 8  pCi/g : P U  
= 25 pCi/g : Am-241 

A,= T o t a l  a c t i v i t y ,  C i  = A x Q x V 

C a l c u l a t i o n  1A:  Pu-23?,240: 

A,= ( 6 8  p C i / g ) ( 1 . 8  g/cm’)(l  cm’/3.53E-5 f t J ) ( 8 . 7 6 9 E 5  ft’) 

= 3.041E12 pCi 

= 3.04 C i .  

T h i s  q u a n t i t y  i s  l e s s  t h a n  the t o t a l  a c t i v i t y  o f  23.14 C i ,  Category  3 foi- P:I- 
2 3 3 , 2 3 , 2 G 1 ,  DOE-STD-1027. However, i t  exceeds  the Category  3 t h r e s h o l d  1 i in i t  
o f  0 .52 Ci f o r  Pu-239. 

C a l c u l a t i o n  16: A m - 2 4 1  

A,= ( 2 5  pCi /g)  ( 1 . 8  q/cn’) ( 1  cm3/3.53E-5 ft’) (S.769E5 f t ’ )  

= l . l l E E 1 2  pCi 

= 1.115 Ci 
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S i t e  Depth ( f t )  Mean Conc. (pCi /g)  A, ( C i )  

903-A i 2 31.818 I 0.790 

903-A I 8 4.525 0.110 

1 903-8 2 1 0.550 0.011 

I 903-6 8 I 1.014 0 .021  

903-A 14 1.004 0.024 

T h i s  q u a n t i t y  i s  g r e a t e r  t h a n  t h e  Hazard Category  3 t h r e s h o l d . t o t a 1  a c t i v i t y  o f  
0.52 Ci f o r  Am-241. 

903-B 1 14 0.036 1 7 .36E-4  

I I T o t a l  0.?57 

C a l c u l a t i o n  2 - Mean C o n c e n t r a t i o n  

' I  
I 

Mean c o n c e n t r a t i o n s  were c a l c u l a t e d  f o r  a r e a  903-A and 903-8, f o r  d e p t h  i n t e r v a l s  
o f  2-8 f t ,  8-14 f t ,  and 14-20 f t .  The mean c o n c e n t r a t i o n  and the a s s o c i a t e d  
s t a n d a r d  d e v i a t i o n  was d e t e r m i n e d  u s i n g  t h e  Lotus  1-2-3 R e l e a s e  3 computer  
sof tware- (Appendix  B ,  C ,  D, and E ) .  Tota l  a c t i v i t y  i s  t h e  summed v a l u e  o f  both  
s i t e s  ( T a b l e  1 and 2 ) .  

2 1 6.299 10.0153 903-A 

903-A I 8 I 0.350 I 9 . 4 9 S E - 3  
I 
I 

T a b l e  2 O p e r a b l e  U n i t  No. 2 ,  903 Pad a s p h a l t  c o v e r .  C a l c u l a t e d  m a n  a c t i v i t y  
c o n c e n t r a t i o n  v z l u e s  f o r  Am-241. 

903-A 1 4  I 3 . 0 1 1 E - 3  

903- B 

903-6 

8 I 0.112 2.289E-3 

13 I 0.140 2 .  E51 E-3 
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903-A 

The total activity c f  0.957 Ci for Pu-239,240, is less than category 3 Pu- 
238,239,241 and greater than that for Pu-239. 

The total activity of 0.172 for Am-241 is less than that for Category 3. 

LRA A(Ci) LRA A(Ci) 
Pu-239,240,241 km-241 

0.738 0.047 

Calculation 3 - Llnear Regression Analysis 

903-8 10.037 

Total 0.775 

By applying 1 inear regression analysis (LRA), the independent and dependant 
variables-of the 903-A and 903-8 sites provide an indication o f  the average rate 
o f  change of contamination with respect t o  depth (Appendix 6, C, D, and E ) .  By 
relating the independent xvariable (depth) to the dependant y variable (activity 
concentration), regression coefficients were determined, 

/3, = constant 

0.0048 

0.052 

B, = d o p e  

these were then applied to the linear function, 

By applying the linear function to depths of 2 to 20 feet, activity 
concentrations as dependant upon depth were calculated (Table 3). Curves o f  
activity concentrations with respect t o  depth were generated for each sitr 
(Figure 2, 3, 4, and 5). This indicates that for Plutonium, the contamination 
decreased with depth. However, the curve of 903-B site data, Am-241, indicated 
that the contamination increased with depth. This is attributed to the variation 
of the population. 

Table 3 Operable Unit No. 2, 903 Pad asphalt cover. Total activity of Pu- 
239,240 and Am-241 as determined sepzrately by Linear Regression Analysis (LEA) 
for the 903-A and 903-5 sites. 

-. - 

. .  
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Hazard Category Deterriiinztion 
07erablc Unit h'o. 2, 903 Pad 

1 . Conclusion and Recommendations 

Based upon t h e  calculat ions performed, the  estimated inventory of Am-241 does n o t  
exceed the l i m i t  f o r  a Nuclear Hazard Category 3 F a c i l i t y .  This i s  based upon 
t h e  r e s u l t s  of Calculations 2 and 3 ,  which provides for a conservative and  
reasonable approach t o  s o i l  contamination inventory f o r  An-241. 

Hcdever, t h e  estimated s o i l  c o n t a m i n a t i o n  inventory f o r  Pu-239,240 does exceed 
t h e  Category 3 level f o r  Pu-239. I t  does n o t  exceed t h e  t o t a l  level  f o r  Pu- 
238,239,241. The three  c a l c u l a t i o n s  performed would s u p p o r t  this assumption. 
I f  the  a s s u m p t i o n  was made t h a t  detected Plutonium a c t i v i t y  i s  due t o  Pu-239 
exc lus ive ly ,  i t  would be appropr ia te  t o  assume t h a t  a SAR would be required f o r  
t h e  903 Pad. This i s  based s o l e l y  u p o n  the  DOE-STD-1027, Attachment 1.  

As discussed previously, environmental remediation or waste management a c t i v i t i e s  
involving rad ioac t ive  mater ia ls  may be considered Nonreactor Nuclear F a c i l i t i e s ,  
as p e r  DOE Order 5480.23. This would  i n f e r  t h a t  environmental remediation 
a c t i v i t i e s  could be covered by a s i n g l e  SAR. Spec i f ic  references throughout the 
Order a re  made t o  engineered safe ty  f e a t u r e s ,  processes,  and s t r u c t u r a l  
components t h a t  provide f o r  mi t iga t ion  of potent ia l  and I:no\:ln h a z a r d s .  T h e  only 
physical component o f  t h e  903 Pad w h i c h  could be considered e i t h e r  a n  engineer.d 
s a f e t y  f e a t u r e  or a form o f  containment i s  the asphal t  cover a n d  associated f i l l  
mater ia l .  The r i s k  as defined by the  Order, i s  " the  q u a n t i t a t i v e  or 
q u a n t i t a t i v e  expression of poss ib le  l o s s  t h a t  considers both the p r o b a b i l i t y  
t h a t  a h a z a r d  will  cause harm a n d  t h e  consequences o f  t h a t  event" 2nd a l o s s  nusi. 
r e s u l t  in " s i g n i f i c a n t  loca l ized  consequences". A l o s s  i s  n o t  c h a r a c t e r i s t i c  o f  
the  903 Pad. A r i s k  assessment would be bzsed u p o n  t h e  impact of i n t a c t  
contaminants and  those released from the s i t e  by n z t u r a l  process i o  local  
i n h a b i t a n t s .  . -  

.% 

DOE-STD-1027, Table 3.1 def ines  Category 3 in t h a t  the "Haza rd  analysis  sho\qs the 
poten t ia l  f o r  only s i g n i f i c a n t  l o c a l i z e d  consequences," w i t h  a n  i n t e r p r e t a t i o n  
t h a t  " F a c i l i t i e s  with q u a n t i t i e s  of hazardous rad ioac t ive  mater ia ls  which meet 
or exceed. .Attachment 1 . .va lues" .  As mentioned references t o  f a c i l i t i e s  include 
physical and engineered systems t h a t  a r e  involved i n  operat ions,  processes ,  o r  
a c t i v i t i e s .  ' A  de ta i led  discussion of  Haza rd  Category 3 in DOE-STD-1027 s ta ter ;  
t h a t  ".  . .values for radionucl ides  represent  l e v e l s  of material  which, i f  
re leased ,  would produce l e s s  than 10 rem doses a t  30 meters based on  2 4  hovi- 
exposure". I f  the complete inventory of contamination present below the 903 Pad 
vias re leased ,  the potent ia l  f o r  such a dose does e x i s t .  The probabi l i ty  of s u c h  
a n  event i s  unl ikely,  i n  t h a t  a t o t a l  volume of 2.923E6 f t 3  would n o t  be re leased 
in 2 4  hours,  outs ide of a c a t a s t r o p h i c  event.  A discussion of the calcul t i i icn 
o f  Category 3 Radiological Thresholds shows t h a t  the  l i m i t  i s  bassd  u p o n  a n  
exposure ' I . .  .for one d a y  f o r  i n h a l a t i o n  a n d  d i r e c t  exposure, b u t  t h a t  persons are 
exposed f o r  longer periods t h r o u g h  the  ingest ion pa thway  in order t o  account f o r  
t h e  slow movement o f  radionucl ides  i n  g round  water . "  Thus, a n  i n f z r m c e  i s  made 
t o  environmental contanination a n d  exposure. 



I t  i s  s t r e s s e d  t h a t  the form of  the nuclear material i s  n o t  c l e a r  i n  any of the  
Orders or Standards per ta ining t o  Safety Analysis Reviews. Fissionable mater ia l  
i s  inc lus ive  t o  t h e  "forms". DOE Order 5480.5 def ines  f i s s i o n a b l e  m a t e r i a l s  as 
nuclides capable of sustaininq a neutron induced f i s s i o n  chain r e a c t i o n .  The 
contamination present  a t  the  903 Pad i s  n o t  capable of sus ta in ing  a f i s s i o n  
reac t ion  due t o  i t s  non-cr i t ical  mass s t a t e .  DOE Order 5480.23.5.(i)  includes 
hazardous mater ia l ,  b u t  e x p l i c i t l y  excludes &. Thus, t h e  form as required f o r  
a Nonreactor Nuclear F a c i l i t y  does not  seem t o  coincide w i t h  t h e  903 Pad 
contaminants. 

I t  i s  therefore  recommended t h a t  t h e  903 Pad and such s i t e s  which may involve 
rad ioac t ive  mater ia ls  be placed on the  S i t e  SAR. T h i s  i s  the appropr ia te  
document t o  provide for  a hazard assessment of the poten t ia l  impacts t o  the  
worker, pub1 i c ,  and the environment resu l t ing  from environmental r e s t o r a t i o n  
a c t i v i t i e s .  Individual SARs for each s i t e  which e x h i b i t s  po ten t ia l  contamination 
inventor ies  which f a l l  w i t h i n  Category 3 Radiological Thresholds does not meet  
t h e  i n t e n t  of DOE Order 5 4 8 0 . 2 3 .  



APPENDIX A 

Borehol e Depth A (pCi /g)  
Location ( f t )  P ~ - 2 3 9 , 2 4 0  

8691 2 11.000 

6691 2 68.000 

8791 2 0.035 

.6791 2 0.083 

8991 * 2  9.910 

7191 2 0.100 

909 1 2 3.000 

889 1 2 1  27.000 

689 1 2 0.020 

6991 2 0.061 

9191 2 25.000 

9191 2 50.000 

709 1 2 0.550 

8691 8 0.070 

Operable  Unit No. 2 ,  Phase I 1  RFI/RI Report ,  October ,  1993. B o r e h o l e  d a t a  from 
s u b s u r f a c e  i n v e s t i g a t i o n s ,  903 Pad, f o r  Pu-239,240 and Americium-241. 

A (PCi/!3) 
Am-241 

. 1.800 

7.200 

0.270 

0.120 

2.120 

0.039 

0.290 

0.880 

0.018 

25.000 

6.800 

0.025 

0 .013  

669 1 

8791 

4.900 1 0 . 4 1 0 4  -- 7091 I 8 

8 5.600 I 0.620 

8 0.037 0.011 

13 

6791 I 8 0.056 0.014 

7191 8 0.048 90911 0 1  0.C30 

ES91 I 8 14.000 

0.013 

0 .021  

0 . 4 7 0  

9191 I 8 2.200 I 0.520 



APPEHDI): A 
Operable Unit  t(o. 2 ,  Phase I 1  RFI/RI Report ,  October ,  1993. Borehole d a t a  fron 
subsu r face  i n v e s t i g a t i o n s ,  903 Pad, for .Pu-239,240 and Americiurn-241, con t inued .  

Borehol e Depth 
Location ( f t )  

6691 1 14 
1 

899 I 1 4  

'8991 1 4  

9191 I 14 

A (PCV9) 
Am-241 

A (pCi/g)  
PU-239.240 

0.032 0.140 

2.300 0.160 

0.680 0.040 

0.367 0.200 

0.476 

0.041 

1.500 0.200 

0.063 0.020 

1 4  



_...... ..--.. . .. .-: .- 

- 
Borehole D e p t h  A ( p C i / g )  LRA D e p t h  LKA A ( p C i / g )  
L o c a t i o n  (ft) ( f t )  

8691 2 11.000 2 28.422 

6691 2 63.000 3 25.798 

8991 2 9.910 4 23.173 

889 i 2 27.000 5 20.549 

9191 2 25.000 6 17.925 

9191 2 50.000 7 15.300 

-. 

LRA A ( C i )  

0.115 

0.104 

O b o g 4  I 
0.083 ' 
0.073 

0.062 

APPEKDIX B 

8691 8 0.070 8 

6591 8 5.690 9 

8991 1 8 0.757 10 

0.051 . 
0.041 I I 

12.676 1 
10.051 

7 . 4 2 7  E i 
9191 I 6 2 .200 1 2  2.178 0.099 j 

. 8991 8 14.000 11 I 4 . 8 0 2  

E69 1 14 2.300 13 -0.447 1 -0.002 ' 

6691 1 4  0.680 14 -3.07 1 -0 .01 2 
t 

I 8991 14 0.476 I 1 5  -5 .696 -0.023 

I E89 1 14 1.500 15 I -8.320 -0.034 
I 

I 9191 14 I 0.063 17  I -10.945 I -0 .044  , 

I 18 I -13.569 1 -0.Ojs j 

R e g r e s s i o n  O u t p u t :  
Cons t  a n t  33.671 
Std E r r  o f  Y E s t  15 .214 
R Squared 0.456 
No. o f  O b s e r v a t i o n s  16 
Degrees o f  F reedom 1 4  
2 C o e i i i c i e n t ( s )  -2.624 
Std Err o f  Coef. 0.767 

I -16.194 -0.066 

1 5  



AF'PEKDIX C 

Operab le  U n i t  No. 2, Phase I 1  RFI/RI E e p o r t ,  Oc tobe r  1993. Pu-239,240 s u b s u r f a c e  
date for 903-B s i t e .  LRA d e r i v e d  a c t i v i t y  c o n c e n t r a t i o n s  ( p C i / g ) ,  LRA t o t a l  

7 

LRA Depth LRA A(pCi/g)  LRA A(Ci )  
( f t )  

Boreho le  Depth N P C  i /9) 
Loca t ion  ( f t )  

8791 * 2  . 0.035 2 0.693 0.002 

6791 2 0.083 3 0.680 0.002 

0.002 
-~~ 

7191 2 0.100 4 0.667 

909.1 2 3.000 5 OI654 

689 1 2 0.020 6 0.640 

6991 2 0.061 7 0.627 

Reg r e  s s i on Out p u  t : 
Constant 0.719 
S t d  Err o f  Y Est 1.515 
R Squared 0 .002  
h'o. o f  O b s e r v a t i o n s  14 
Dcgl-ecs o f  Freedom 1 2  
X C o e f f i c i e n t  ( 5 )  -0.013 
Std  Err o f  Coei. 0.094 

I 0.002 i 
0.002 I 
0.002 j 

16 



APPEKDIX D 

F 0 

Borehole Depth A (pCi/g) LRA Depth LRA A(pCi/g) I R A  A(Ci) 
Location (ft) (ft) 

8691 2 .  1.800 2 

6691 2 7.200 3 

8991 2 2.120 4 

9091 - I 2 * 0.290 5 

889 1 2 0.880 6 

9191 2 25.000 7 

9191 2 6.800 8 

8691 8 0.013 9 

6691 8 0.820 10 
r 

~ ~~ 

Regression Output: , 

Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees o f  Freedom 
X Coefficicnt(s) 
Std Err of C o e i .  

5.489 0.022 I! 

4.  $06 0.01c j 
4.947 0.020 1 
3.864 0.016 

3.323 0.013 

2.781 

2.239 

1.698 

1.156 

0.009 o.oll i 
0.007 i 0.005 

I 

6.572 
5 . 5 1 7  
0.203 

18 
16 
- 0 . 5 4 2  

0.263 

8991 8 0.254 

9091 8 0.021 

17 

11 1- 0.615 1 0 * 002 

12 0.073 0.000 

- 0 - 0 0 2  i 
-0.0°4 ,i 
-o.ooa i 
-o.ol l  I 

8891 e 0.470 I 13 -0.4 68 

9 1 9 1  8 0.520 1 4  -1.010 

6691 I 14 0.040 16 I -2.093 1 
8691 1 4  0.160 I 15 - 1 . 5 5 1  -0.006 

! e 9 9 i S ' I  1 4  1 0 .200 I 17  - 2 . 6 3 4  

I E891 1 4  0.200 I 13 I -3.176 -0.013 

9191 14  0.020 I 19 -3.718 -0.015 

20 - 4 . 2 5 9  I Total k(Ci) 



APPEt iDIX E 

O p e r a b l e  U n i t  t h .  2 ,  P h a s e  11 RFI /RI  R e p o r t ,  O c t o b e r ,  1993. 
d a t a  f o r  903-B s i t e .  

ftm-241 s u b s u r f z c e  
LRA d e r i v e d  a c t i v i t y  c o n c e n t r a t i o n  ( p C i / s ) ,  . L R A  t o t a l  

a c t i v i t y  ( C i ) ,  and R e g r e s s i o n  O u t p u t .  

... . 

R e g r e s s i o n  O u t p u t :  
C o n s t a n t  0 . 0 8 1  
S t d  Err o f  Y Est 0.094 
R Squzi-t?d 0 .007 
f;o. o f  O b s e r v a t i o n s  9 
D e g r e e s  o f  Freedom 7 
>: C o c f f i c i e n t ( s )  -0.092 
S t d  Err o f  C o e f .  0 .008  
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Evaluation of Hazard Class Threshold Quantities Defined in DOE-STD-1027 
Relative to Ambient Background Soil  Contamination Limits 

Statement of  Consideration 

This append& evaluates how much land surface would be required to exceed the Hazard Category 
3 Threshold quantity for Pu-239 and Am-241 in DO€ Standard Hazard Categorization and 
Accident Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis 
Reports. If these sites were classified as DOE Non-Reactor Nuclear Facilities based on these 
threshold quantities additional requirements and controls would be applied to these locations. 
Thus it is important to assess the applicability of these threshold quantities to an open area with 
dispersed soil contamination. As a first step in this evaluation it appears appropriate to first 
assess how ambient background relates to these threshold quantities. 

. .. 
C a l c u l a t i o n  

Based on the U.S. DOE 1993 Background Geochemical Characterization Report, the ambient 
Pu/Am background in the Denver/RFETS area is summarized in Table 1 below. Since 
transuranics typically remain in the first 30 cm of soil, the source term used is based on the 

. . ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ - ~ ~ ! ~ .  ~ . :.~.... . .: contents. in this soil layer. The average source term for this 30 cm layer of soil is a l so - inc luded~~~~- . : : - -  
.. .:.: .:.., z >  :-,. ?. . in Table 1. . - . .. . . .. , 

. . .  

TABLE 1 
Ambient Background Concentrations in Soil 

Soil I Radionuclide Concentration in Soil 

Type Soil Depth PU-239 Am-241 
( c m )  

II Surficial I <15 I 0.027 ' 1  . 0.062 . 

II Vadose 1 >15 I 0.01 I 0.02 

11 Source Term I 3 0  I 0.014 I 0 3 2  
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’I r 

Activity 

0.52 

0.52 

Radionuclide (C i )  

I , PU-239 

Am-241 

Based on the threshold quantities in Attachment 1 of the DOE Standard (DOE-STD-1027-92) 
the Hazard Category 3 threshold quantities are summarized in Table 2. 

This calculation assumes a soil density of 1.65 g/cm3 to convert soil concentrations in pC/g to a 
volume based concentration in pCi/cm3 in the calculation below. 

Soil area is: 

A ( m 2) = V (cm 3) 1 0-6 (m3/cm 3)/D ( m ) 

A (m2)=M (9) 1 0-6 (m3/cm3)/[ D( m)*psoij( g/cm3)] 

Using the ambient background concentration to relate the soil area to the soil activity 
concentration: 

M (9) =Act (C i) 1 0 1 2 (pCi/Ci)/Cb (pCi/g) 

A ( m2) = Ac t (C i) * 1 OS( p C i * m3/c m3/C i)/[ D (m) *ps0il( g/cm3) * C b ( p C i /g)] 

Where: 

A(m2) is the surface of the soil volume. 
V(cm3) is the soil volume. 
D(m) is the depth of the soil volume (Le., 0.3 m). 
M(g) is the mass of the soil volume. 
psoil(g/cm3) is the density of the soil (Le., 1.65gIcm3). 
Act(Ci) is the total activity in the soil volume. 
Cb(pCi/g) is the average activity in the soil volume (i.e., see Table 1). 
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By setting the value of soil volume activity content (Le., Act) to the threshold quantities (Le., 
Table 2) for Hazard Category 3, we can calculate the area of a soil volume 0.3 rn (30 cm) deep 
that would contain this total activity. 

For Pu-239 only: 

A ( rnz) =O .52( Ci)' 1 O S (  p C i  'ms/crns/Ci)/ 
[O. 3 (m) 1 .65 (g/cm3) .032 (pCi/g ) J 

A(m2)=3.3 x lo7 

X ( m) =[ A ( m2)]0-5 

X(m)=5730 m = 6 km 

For Arn-241 only: 

A ( m*) =O .52( C i)' 1 06( pC i'm 3/cm 3/Ci)/ 
(0.3 (m) ' 1 . 65 (  g/cm3) .O 1 4( pCi/g) J 

A(m*)=7.5 x lo7 

X (m ) =[A (m2)]0- 5 

X(m)=8660 m =: 9 km 

For Am-241 and Pu-239: 

A ( m2)=0.52( Ci)' 1 06( pC i'rn3/c m3/C i)/ 

A(m2)=2.3 x lo7 
[ 0.3( m) * 1.65 (g/cm3) ' .046( pC i/g)] 

X (m)=[ A (  m2)]0.5 

X(m)=4780 m = 5 km 

C o n c l u s i o n  

Eased on this data it would appear that any rectangular area near Denver about three (3) miles 
by three (3) miles (5km by 5km) would be a DOE Non-Reactor Nuclear Facility. It would 
appear the appropriate method for designation of a Non-Reactor Nuclear Facility related to soil 
contamination would involve a soil concentration number. This number should have equivalent 
level of risk and could be determined using the method established in DOE 5400.5, Chapter IV or 
in 10 CFR 834 (once issued) using the action level criteria that is the basis for DOE-STD- 
1027. 


